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First  near-field  tests  in  using  low-PRF  pulsed  signals  with  a  standard  (CW)  HP  8510B  Vector  Network 
Analyze!  are  performed.  Although  the  measurement  system  did  have  a  loss  of  50  dB,  it  was  possible  to 
obtain  radiation  patterns  down  to  40  dB  below  the  maximum.  The  tests  have  proven  that  it  is  possible  to 
obtain  accurate  antenna  characteristics  under  pulsed  conditions  for  low  PRFs  spending  only  a  few 
milliseconds  per  near-field  grid  point  in  the  FEL-TNO  planar  near -field  measurement  Exility. 
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S A ME .W A 7TIN G  (ONGERUBRICEERD) 

De  eerste  nabije-veld  testen  in  het  gebruik  van  lage  PRF  gepulste  signalen  met  een  standaard 
(CW)  HP  8510B  Vector  Network  Analyzer  zijn  uitgevoerd.  Hoewel  het  meetsysteem  een  verlies 
had  van  50  dB,  was  het  mogelijk  antennepatronen  te  verkrijgen  tot  40  dB  onder  het  maximum.  De 
testen  hebben  aangetoond  dat  het  mogelijk  is  nauwkeurige  antenne  karakteristieken  te  verkrijgen 
onder  gepulste  condities,  waarbij  slechts  een  paar  milliseconden  per  nabije-veld  grid  punt  worden 
gespendeerd,  in  de  FEL-TNO  planaire  nabije-veld  meetfaciliteit. 


ABSTRACT 


SAME  WATTING 

CONTENTS 

1  INTRODUCTION 

2  MEASUREMENT  CONFIGURATIONS 

3  MEASUREMENT  RESl  II  TS 

4  CONCLUSIONS 

5  REFERENCES 


APPENDIX  A:  FEL-TNO  PLANAR  NEAR -FIELD  MEASUREMENT  SYSTEM 


i  NO  report 


Page 

5 


1  INTRODUCTION 

Now,  that  the  fundamentals  of  measuring  low-PRF  pulsed  signals  with  a  standard  (CW)  HP 
851  OB  NWA  within  milliseconds  have  been  shown  [1],  the  time  has  arrived  that  pulsed 
measurement  tests  in  the  FEL-TNO  planar  near-field  measurement  facility  have  to  be  performed. 
CW  measurements  as  well  as  pulsed  measurements  with  the  HP  851  OB  are  performed  on  a 
transmitting  Antenna  Under  Test  (AUT).  The  AUT  is  a  1  m  diameter  C-band  parabolic  antenna 
with  a  Geyerhom  as  feedhom.  F/D  =  0.4.  Pulsed  measurement  results  will  be  compared  with  CW 
measurement  results. 

2  MEASUREMENT  CONFIGURATIONS 


The  near-field  low-PRF  pulsed  measurement  configuration  [1,  p.30]  is  shown  in  figure  1. 


Fig  1 :  Low-PRF  pulsed  measurement  configuration 

The  AUT  is  operated  with  a  carrier  frequency  of  5.3  GHz  and  a  Pulse  Repetition  Frequency  of  3.5 
kHz  with  a  pulsewidth  of  12.8  ps. 

In  die  CW  measurement  configuration,  the  external  trigger  connection  with  the  NWA  is  removed; 
use  will  be  made  of  internal  triggering.  Both  pulsegenerators  are  turned  off,  but  the 
pulsemodulator  will  remain,  though  inactive,  in  order  to  maintain  the  same  RF-path  as  used  with 
pulsed  measurements. 
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3  MEASUREMENT  RESULTS 

Before  the  near-field  measurement  results  are  discussed,  some  remarks  about  the  near-field  measurement 
system  loss  have  to  be  made. 

Measurements  of  amplitude  and  phase  are  carried  out  both  CW  and  pulsed,  with  the  probe  positioned  in 
front  of  the  AUT  and  with  the  probe  positioned  in  the  upper  left  comer  of  the  scan  frame  (see  figure  1).  The 
measurement  results  are  stated  in  table  1 . 

Table  1 :  Amplitude  and  phase  vs  probe  position 


jProbe  position 

Amplitude  CW 

MJ.U  f.lPTa 

Ampl 1 tude 

[ 

i 

m 

Pulsed  (dB) 

BH 

-27.80 

■ 

ESI 

±  0.20 

HR 

:In  upper  left 

-63.77 

-64.61 

-23.57 

corner  cf  frame 

±  6.0 

±  8.0 

±90 

... 

CW  :  source  power  =  9  dBm 

Pulsed:  source  power  =  20  dBm 


The  fluctuations  in  the  measured  values,  especially  those  measured  at  the  edge  of  the  scan  frame,  indicate  - 
considering  the  measurement  results  as  stated  in  [1]  -  a  considerable  loss  in  the  near-field  measurement 

system. 

When  aiom  is  directly  connected  to  bi  (see  figure  1),  a  CW  amplitude  measurement  gives:  23.0  ±  0.010  dB. 
So,  with  table  1,  it  appears  that  the  near-field  measurement  system  loss  is  about  50  dB  (at  the  centre  of  the 
scan  plane). 

With  this  cause  of  large  fluctuations  away  from  the  centre  of  the  scan  plane  in  mind,  we  can  now  look  at 
differences  in  near-field  data  and  in  calculated  far-field  data. 

Figure  2  shows  the  near-field  amplitude,  measured  in  the  CW  measurement  configuration  l).  Figure  3 
shows  the  amplitude,  measured  in  the  pulsed-RF  measurement  configuration.  The  colours  indicate  lines  of 
equal  amplitude.  Above  and  at  the  right  of  the  figures,  the  amplitude  patterns  through  the  centres  of  the 
scan  plane  are  indicated. 


1 )  Near-field  measurement  software  developed  at  FEL-TNO 
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Figure  4  shows  the  difference  of  the  data  of  figure  2  and  3.  This  difference  is  negligible  at  the 
centre  of  the  scan  plane  and  increases  going  toward  the  edges  of  the  scan  plane,  the  reason  of 
which  is  already  mentioned  before.  Above  and  at  the  right  of  figure  4,  the  amplitude  difference 
patterns  through  the  centres  of  the  scan  plane  are  shown. 

Figure  5,  6  and  7  respectively  show  near-field  phase  measured  in  the  CW  measurement 
configuration,  phase  measured  in  the  pulsed-RF  measurement  configuration  and  the  phase 
difference.  Above  and  at  the  right  of  these  figures  phase  patterns,  respectively  phase  difference 
patterns  through  the  centres  of  the  scan  plane  are  shown. 

The  remarks  made  for  the  amplitude  patterns  also  apply  for  the  phase  patterns. 
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War-tie  Id  amplitude.  Pulsed  Rf*  measurement 
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i  is;  4  Near  tield  amplitude  diilerenve:  C’W  measurement  lhilsod  -RI  ' measurement 

Differences  in  amplitude  ami  plvsc  are  eaieulated  b>  taking  the  absolute  v  alues  at  the  data  of  two 
datafiles,  normalizing  the  data  to  the  maximum  value  of  the  first  datafile,  subtracting  the  data  and 
taking  10  times  the  logarithm  to  get  the  difference  in  dB  s 
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Fig  '  Neat  field  phase  ditlerence;  CW  measurement  Pulsed-Rf measurement 

In  order  to  show  that  the  differences  between  CW  and  pulsed  measurements  are  mainly  due  to  the 
noticed  fluctuations,  one  column  of  the  scan  plane  is  measured  three  times  (in  the  CW 
measurement  configuration).  Subtracted  amplitude  and  phase  show  values  corresponding  with  the 
fluctuations  as  stated  in  table  I  Figure  8  shows  the  subtracted  amplitudes  of  two  column- 
measurements.  figure  9  shows  the  subtracted  phase  of  two  column-measurements 


f  ig  9  Near  field  phase  difference,  one  column  C W  measurement  configuration 

With  the  near  field  data  as  shown  in  the  foregoing,  far-fields  are  calculated.  Figure  10  gives  a  3- 
dimensional  impression  of  the  far  field  lunplitude,  calculated  from  the  near-field  data  measured  in 
the  CW  measurement  configuration  Figure  1 1  gives  the  contour  plot  of  the  far-field  amplitude 
obtained  from  the  CW  near-field  measurement:  figure  12  gives  the  contour  plot  of  the  far-field 
phase 

Figure  13  gives  the  contour  plot  ot  the  far -field  amplitude  obtained  from  the  pulsed-RF  near-field 
measurement:  figure  14  gives  the  contour  plot  of  the  far-field  phase. 
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Pat  - field  amplitude,  calculated  (rum  t'W 


measuiement 


TNO  re  port 


Page 

18 


Hg 


far  field  phase,  calculated  from  (,'W  measurement 
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f  ig.  14  Far-held  phase;  calculated  from  pulsed-RI-  measurement 
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In  figure  15  and  lt>,  far-field  amplitude  and  phase  differences  are  shown.  Since  the  plot  program 
is  not  meant  for  plotting  this  information,  the  axes  do  not  agree  with  the  figure.  The  figures  are 
shown  anyhow,  since  they  give  a  good  impression  of  the  differences  in  the  far-field 


lip  15 


Par-field  amplitude  difference:  C W  measurement  values  Pulsed-RP  measurement  values 
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t  ig  I  (v  t  ar  field  phase  difference;  CVV  measurement  values  -  Pulsed-Rh  measurement  values 

An  even  better  impression  ol  the  amplitude  differences  can  be  obtained  b>  showing  the  radiation 
patterns  in  the  principal  planes  This  is  done  in  figure  17  and  18.  The  blue  pattern  is  obtained 
from  the  CW  measurement  configuration;  the  green  one  from  the  pulsed-RF  measurement 
configuration  The  horizontal  axes  do  not  agree  with  the  figure. 
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fie  !  >  Pnr.c i p.i!  plane  radiation  pattern-. 

Hie  radiation  patterns  agree  wry  well  It  appears  that  the  near  tie1!  measurement  fluctuations 
s aneel  out  when  calculating  the  fat  field,  due  to  the  integration  of  the  near-field  data  1 2 1 . 

■Vs  a  last  check,  the  far  field  obtained  with  the  pulsed  Rp  measurement  configuration  ts  compared 
with  the  tar  field  obtained  with  a  totally  different  CW  measurement  system  as  is  in  use  for  a 
-njple  °f  years  in  the  FF.l.  FNO  planar  near  field  measurement  facility  Tliis  measurement 
system  is  build  up  around  a  Scientific  Atlanta  receiver  senes  17X0  (see  appendix  A  for  the 
measurement  configuration)  Figure  14  and  20  give  the  principle  plane  radiation  patterns.  The 
radiation  pattern  obtained  with  the  SA  receive!  is  given  in  blue,  the  one  obtained  with  the  HP 
pulsed-RF  measurement  system  t  >  given  in  green 
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u:  !l>  Principle  plane  ra.ii.ition  patterns 

I  lie-  above  tigme  is  the  vertieal  cross  section  of  figure  It)  Hie  figure  on  the  following  page 
figure  20)  is  the  hon/onlul  cross  section  .if  figure  10 
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t  ie  ..II  Print,  iple  plane  radiation  patterns 

In  the  above  figures  we  see  a  ver\  good  agreement  between  the  radiation  patterns,  what  proves 
mat  the  pulsed  Rb  measurement  method  as  described  in  |1)  is  suitable  for  near-field 


measurement 
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4  CONCLUSIONS 

First  pulsed-RF  near-field  measurements  carried  out  with  a  standard  (CW)  HP  851  OB  vector  network 
analyzer  have  shown  that  it  is  possible  to  obtain  accurately  antenna  characteristics  under  pulsed  conditions 
for  low  PRF s  and  within  milliseconds. 

Measurements  were  carried  out  for  a  carrier  frequency  of  5.3  GHz  and  a  Pulse  Repetition  Frequency  of  3.5 
kHz  with  a  pulsewidth  of  12.8  (is. 

Although  the  measurement  system  did  have  a  loss  of  50  dB,  accurate  antenna  patterns  down  to  40  dB  below 
the  maximum  were  obtained.  When  the  loss  is  minimized  or  when  the  transmitting  AUT  source  power  is 
increased,  the  accuracy  is  expected  to  increase. 
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